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Abstract: A passive power splitter-combiner has been designed in-between two metallic 
ground plates using gap waveguide technology. The measured insertion loss is smaller than 2.3 
dB and the return loss is larger than 10 dB over the entire W-band (75-110 GHz). The design 
procedure has been detailed and the simulated and measured results for the proposed structure 
are shown. The designed structure can be used as a passive power splitter or combiner, as a grid 
amplifier in a back- to-back RF chain, or as a quasi-optical beamforming component in beam 
steering antenna arrays.  
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Brief Overview of the Presentation

1. Background and Motivation
2. Design and Simulation of a Feed Horn and Offset Reflector Wall
3. Design of Transition between Reflector Wall and Array of Ridge 

Waveguides
4. Simulation of Back-to-Back structure
5. Prototyping, Manufacturing, and Testing Results

Conclusion
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1- Background

• Previously Spatial Power Combining has been done by use of [1]
• Conventional Corporate Feeding Networks
• Dielectric Lenses
• Bulky Horn Antennas

• Issues [1]
• Low radiation effieciency and power losses
• Diffraction losses in the lenses
• Compensation for phase imbalance
• Narrower frequency bandwith at W-band
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[1]   M. P. DeLisio and R. A. York, “Quasi-optical and spatial power combining,” IEEE Trans. Microw. Theory Tech., vol. 50, no. 3, pp. 929–936,Mar. 2002

Presenter
Presentation Notes
The demand to develop low loss and packaged mm-wave structures capable of delivering a significant amount of power is increasing. However, there are several challenges that must be overcome when moving up in frequency. Firstly, the insertion loss of splitters and combiner using transmission lines that are based on printed circuit board (PCB) technology increases due to both dielectric and conductor losses; the total Ohmic loss increases as the number of channels increases. 



Examples (1 / 2) [1]

36 W, V-band (60-65GHz) amplifier 120-W, X-band (8–11 GHz) amplifier 5-W, 37.2-GHz 
(1.3GHz bandwidth) 

amplifier 

[1]   M. P. DeLisio and R. A. York, “Quasi-optical and spatial power combining,” IEEE Trans. Microw. Theory Tech., vol. 50, no. 3, pp. 929–936,Mar. 2002

Presenter
Presentation Notes
following are the examples with mentioned power rating and bandwidths along bulky and lossy techniques.



Examples (2 / 2) [1]
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A 25/50 W Ka-band (30-40GHz) amplifier A 600 W C-band amplifier with 6GHz (Bandwidth)

[1]   M. P. DeLisio and R. A. York, “Quasi-optical and spatial power combining,” IEEE Trans. Microw. Theory Tech., vol. 50, no. 3, pp. 929–936,Mar. 2002



1-Motivation (1 / 2)

• The proposed  spatial power combining technique consists of:
• Offset reflector wall
• Offset feed wall
• Array of waveguides
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1-Motivation (2 / 2)

• Benefits:
• Power is divided or combined at the first stage over the air with minimal 

losses
• Wide bandwidth
• Suppresses cavity resonances at high frequencies (Gap Waveguide)
• Less affected in case of few malfunctioning components (Amplifiers)

• Future Usage
• Base for the grid amplifiers
• Slot antenna arrays
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Presenter
Presentation Notes
We propose to employ a novel metamaterial-based gap waveguide concept as considered in this paper, which is a low-loss dielectric-free transmission line structure. Secondly, large size power splitter components give rise to cavity resonances at higher frequencies due to discontinuities at junctions and bends. These spurious modes can be removed with the aid gap waveguide packaging, as e.g. shown for series-fed amplifiers . The gap waveguide technology is therefore a prime candidate to split and combine power in low loss air dielectrics and package it as a  resonance-free structure.We have designed and measured a single layer parallel plate spatial power combiner. The proposed design forms the basis of several passive and active RF components that will be developed in future, including spatially beamformed antenna arrays as well as grid amplifiers



2- Design and Simulation of a Feed Horn and 
Offset Reflector Wall
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Presenter
Presentation Notes
For W-band operation, the first step is to design a bed of nails exhibiting a stop band for this frequency range Fig. shows the computed dispersion diagram of a single pin inside a unit cell employing periodic boundary conditions (CST software is used). No modes are seen to be present in the band from 70–140 GHz.Next, the horn and offset parabolic reflecting wall are designed in gap waveguide technology with mentioned parameters in next slide.



• Reflector Designing: An offset cylindrical reflector has been designed using  
parameters (in mm): D= 55; Θ/2 = 36.3 degree ; h1= 10 , and; F= 32.5. Hence, F/D 
= 0.59.
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Where 
F is the focal length along z –axis
h is the height of the center of the reflector along the y-axis
D is diameter of parent paraboloid
D1 is diameter of the cylinder
h1 is offset height
ϴ is the angle from the focal axis to the center of the offset reflector

Presenter
Presentation Notes
The offset reflector wall has been designed with following parameters: (don’t waste time of reading parameter value.. Just wait a little n go …they have paper in their hands)



• E-Field and phase plots with offset reflector Wall
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Presentation Notes
FAST SLIDE-1



• To solve this problem, fork shaped ridges have been implemented after several 
different configurations and finalized with the following parameters:
L1 = 0.782 mm, L2 = 0.68 mm, L3 = 1.25 mm, h1 = 0.15 mm, h2 = 0.52 mm, h3 = 0.89 
mm, W1 = 0.537 mm , W2 = 0.774 mm, and S1 = 0.744 mm.
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3-Design of Transition between Reflector Wall 
and Array of Ridge Waveguides

Presenter
Presentation Notes
a transition is required to move from a planar wave front of the parallel-plate waveguide field emanating from the reflector aperture to an array of ridge gap waveguides which is not possible with directly as shown in current slide.Current slide is a close-up of the designed transition. A fork-type transition is needed to transfer the quasi-optically beamformed parallel plate waveguide field to the array of ridge gap waveguides and its S parameter results by placing them between two large size ports to simulate waveguide transitions only. 



• E-Field and phase plots of the transitions
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Presenter
Presentation Notes
FAST SLIDE 2



4-Simulation of Back-to-Back structure
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Presenter
Presentation Notes
The proposed Back-to-Back (B2B) design is shown in the slide where parallel plate ground planes are hidden. The structure is fed by a WR-10 rectangular waveguide port to excite the horn antenna. The horn illuminates a wall of gap waveguide pins representing an offset parabolic reflector, similaraly but on the both side. The planar wavefront emanating from the reflector is then incident on an array of ridge gap waveguides in the middle. The ridges are separated by gap waveguide pins creating a stop band – thus blocking all modes. This increases the ridge-to-ridge isolation (∼ 20 dB per pin row), which is not the case when employing rectangular waveguides made of H-plane split blocks that can leak laterally. 



• E-Field and phase plots of the back-to-back structure

14

Presenter
Presentation Notes
FAST SLIDE 3



5- Prototyping, Manufacturing, and Testing 
Results
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Presentation Notes
SKIP SLIDE 4
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99 mm

110.6 mm

10 mm

5 mm

1.27 mm Open Spacing

Presenter
Presentation Notes
FAST SLIDE 5The structure is again re-simulated with complete Aluminum structure and manufactured accordingly .



• S-Parameter Results
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Presenter
Presentation Notes
This is the s parameters and will be discussed again at the end. FAST SLIDE 6



• E-Field PEC  and phase plots of the back-to-back with structure
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FAST SLIDE 7



• Manufacturing and test setup of the prototype 
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Presentation Notes
FAST SLIDE 8 An  aluminum prototype was milled and designed such as to sustain a 5-10 µm RMS tolerance. It was measured by a VNA using standard WR-10 rectangular waveguide flanges, as shown in slide.



• Testing setup and measurement results
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Presenter
Presentation Notes
FAST SLIDE 9
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• Result Comparison of PEC material, Al. Metal + 5um surface 
roughness (Simulated) and measured result

Presenter
Presentation Notes
The measured S11 remains below -10 dB over the entire W-band, but the S21 degraded to -2.28 dB (-1.1 dB for half of the structure, no surface treatment). This loss is partly attributed to the surface roughness, as also the simulation indicates, where the S21 is seen to degrade from -0.65 dB (PEC materials) to –1.67 dB (for 15 µm surface roughness). 



Conclusion

• The milled Aluminum 16-channel back-to-back gap waveguide spatial power 
splitter and combiner has an overall return loss better than 10 dB and an 
insertion loss smaller than 2.28 dB over the entire W-band (75–110 GHz). 

• The offset feed for the offset reflector is designed. A fork-type transition is 
needed to transfer the planar wavefront originating from the reflector aperture 
to the array of ridge gap wave-guides. 

• The simulated and manufactured prototype results as were well-matched as 
expected and covers the required band of interest.

• The novel dielectric-free structure can be used as a standalone power splitter 
and/or combiner, a beamformer to excite an array of slot antennas in the top 
ground plane by ridge gap waveguides, or as a back-to-back structure for the 
design of planar grid amplifiers. 
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